INTRODUCTION
Tetraethyllead is a deadly toxic chemical substance giving rise to severe psychotic manifestations. For its excellent properties as an antiknock agent for gasoline engines, however, its use as an additive to gasoline is widespread on a worldwide scale, and consequently it has been responsible for a number of tetraethyllead poisoning cases.
Tetraethyllead (Et4Pb), when administered to experimental animals, is metabolically degraded in vivo to triethyllead (Et3Pb+), then to diethyllead (Et2Pb2±) and finally to inorganic lead (Pb2+) before it is excreted from the body.1-4) Henderson and Snyder, 5) Bolanowska2) and Imura et al.6) have reported colorimetric methods for the determination of Et3Pb+, one of the metabolites of tetraethyllead, and in addition, a microassay by gas chromatography (GC),7) hydride generation-atomic absorption spectrometry (AAS),8) and GC-AAS9) have been established. For the determination of Et2Pb2+, colorimetric methods,5, 10) hydride generation-AAS,8) anodic stripping voltammetry,11) GC,12) GC-AAS,9) and flameless AAS13) have been established.
From the colorimetric assay of urine in cases of acute tetraethyllead poisoning, Bolanowska et al.14) reported that Et3Pb+ accounted for a small percentage of total lead in the urine samples.
Chiesura15) determined by colorimetry the benzene-extractable lead (Et3Pb+), precipitable lead (Pb2+) and unprecipitable lead (organic lead) in the urine of workers exposed to tetraethyllead. He further showed that precipitable lead (Pb2+) accounted for 20% ; benzene-extractable lead (Et3Pb+), about 10% , and unprecipitable lead (organic lead), about 80-90% of total lead in the urine of patients with Et4Pb poisoning ; that the difference between the amount of this unprecipitable lead and that of the benzene-extractable lead represented the amount of Et2Pb2+, and that this species (Et2Pb2+) was the main metabolite of tetraethyllead. In a previous paper16) on the determination of Et3Pb+, Et2Pb2+ and Pb2+ in the urine of a patient with tetraethyllead poisoning by hydride generation-AAS, the author and his collaborators reported that Et2Pb2+ accounted for about 50% of total lead in the urine 21 days after exposure to tetraethyllead.
As a result of assay by flameless AAS of urine samples from tetraethyllead poisoning patients hospitalized after drinking 10-100 ml of tetraethyllead, Turlakiewicz et al.13) reported that about one half of the total lead in the urine was made up of Et2Pb2+. In another of urine samples from 26 workers exposed to tetraethyllead at work, Turlakiewicz and Chmielnicka17) revealed that the tetraethyllead concentration in the air was intimately correlated with that in the urine, and that Et2Pb2+ could be a specific indicator of occupational tetraethyllead exposure.
In the present study, the author developed a method for sequentially extracting Et4Pb, Et3Pb+, Et2Pb2+ and Pb2+ from one urine sample with an organic solvent, and determining the respective species of lead sequentially by flame and flameless AAS, and performed a trial determination of the respective species of lead in the urine of a patient with tetraethyllead poisoning.
MATERIALS
AND METHODS
Reagents
Et4Pb standard solution : A sample of tetraethyllead (Strem Chemicals Inc., U.S.A.) was washed with a 1 : 4 mixture of redistilled water and ether 3 times, and the ether was evaporated before use. The lead content of the washed tetraethyllead sample was found to be 98% of the theoretical value. This purified compound contained 0.06% Et3Pb+, but neither Et2Pb2+ (not more than 0.004%) nor Pb2+ (not more than 0.006%). After the washing, 0.166 g of the tetraethyllead sample was diluted with 25 ml of benzene, and then with ethanol. Et3Pb+ standard solution : A sample of triethyllead chloride (Alfa Division, Ventron Corp., U.S.A.) was purified by recrystallization from a 7 : 3 mixture of redistilled water and ethanol. The lead content of this triethyllead chloride sample was determined to be 98% of the theoretical value. This compound contained neither Et2Pb2+ (not more than 0.1%) nor Pb2+ (not more than 0.1%). After the purification, 3.30 mg of the sample was dissolved in 100 ml of water. Et2Pb2+ standard solution : A sample of diethyllead dibenzoate was synthesized from tetraethyllead by the method of Heap et al.18 This sample was mixed with gaseous hydrogen chloride to synthesize diethyllead dichloride, and the product recrystallized from a 1 : 9 mixture of redistilled water and ethanol was purified. The lead content of this sample was 99% of the theoretical value. The compound contained neither Et3Pb+ (not more than 0.06%) nor Pb2+ (not more than 0.1%). After the purification, 3.35 mg of the diethyllead dichloride sample was dissolved in 100 ml of water. Pb2+ standard solution : The Pb2+ standard solution was prepared by dissolving 100 mg of metal lead (Soekawa Chemical Co., Ltd., Tokyo) in 100 ml of 1 N HNO3.
These 3 standard lead (Et3Pb+, Et2Pb2+ and Pb2+) solutions were diluted with redistilled water as necessary before use. Glyoxal-bis(2-hydroxyanil) solution10) (GHA) : In 100 ml of methanol was dissolved 0.24 g of dotite GHA (Dojindo Co., Ltd., Kumamoto), and the solution was allowed to stand in a brown bottle at room temperature for 24 hours before use.
The nitric acid, perchloric acid, ammonium hydroxide, sodium diethyldithiocarbamate (SDDC) and methyl isobutyl ketone (MIBK) were of super special grade, and the other reagents were of special grade. 3. Procedures for extraction Figure 1 illustrates the flowchart of the procedures for sequentially extracting Et4Pb, Et3Pb+ and Et2Pb2+ from a urine sample with an organic solvent, and at the same time extracting Pb2+ with an organic solvent following its isolation as a precipitable lead. The respective procedures are described below. Et4Pb : Transfer 40 ml of the urine sample to a 200-ml separating funnel, add 1 ml of 1M dibasic ammonium citrate and 10 ml of MIBK, shake vigorously for 10 minutes, and allow the mixture to stand at room temperature for 15 minutes. Then transfer the top MIBK layer to another 200-ml separating funnel, wash with 20 and then 10 ml of 1 HNO3 by shaking gently for 1 minute, combine the washings, and allow them to stand at room temperature for 15 minutes. Use this MIBK layer as the sample for the determination of Et4Pb. Transfer washing (b) (see Fig. 1 ) to another 200-ml separating funnel for later use as the sample for the determination of Et3Pb+. 
Procedures for determination

Apparatus
The determination of the species of lead was performed with a Shimadzu atomic absorption/flame emission spectrometer model AA-640-01 (Shimadzu Seisakusho, Kyoto) at a wavelength of 283.3 nm.
For flame AAS, a 10-cm slit burner was attached to the spectrometer, to produce an acetylene-air flame. For flameless AAS, a Shimadzu peak catcher model PCA-1 was connected with the spectrometer, and a Shimadzu graphite furnace atomizer model GFA-4A was attached to the spectrometer, using argon 5 .
Urine samples 3. Urine of a patient with tetraethyllead poisoning Table 4 shows the concentrations of Et4Pb, Et3Pb+, Et2Pb2+, Pb2+ and total lead in the urine of a patient with tetraethyllead poisoning at 22, 24, 27 and 29 days after the exposure to the lead as determined by flame AAS. The total lead in the urine 22 days after the exposure was composed of about 51 Pb2+, about 43% Et2Pb2+, and about 6% Et3Pb+ (total lead = Et3Pb+ +Et2Pb2+ + Pb2+). The total lead in the urine 24 days after the exposure was made up of about 63% Pb2+, about 28% Et2Pb2+, and about 9% Et3Pb+. The total lead in the urine 29 days after the exposure consisted of about 60% Pb2+, about 29% Et2Pb2+, and about 11 Et3Pb+. No Et4Pb was thus detected in the urine at any stage. Table 5 shows the assays of the sample shown in Table 4 but by AAS with the attachment of the flameless atomizer. There was no great difference between the concentrations of any species of lead by flameless and flame AAS. Table  7 shows that assays of the samples shown in Table 6 by AAS using the flameless atomizer.
There was practically no difference between the assays by flameless and flame AAS. 
DISCUSSION
In a previous study, the author and his collaborators developed the hydride generation-AAS method for the determination of Et3Pb+, Et2Pb2+ and Pb2+ in the urine.8) This method, however, requires a special apparatus and reagents for the generation of the hydride. The apparatus is composed of a glass reaction bottle, a cooling glass tube and a quartz U-letter tube, with the quartz cell fitted to the atomizing section. An acid and sodium borohydride (in 0.2N NaOH solution) are required to generate lead hydride, and liquid nitrogen is used to fix the lead hydride, using helium gas as the carrier. This method, converting Et3Pb+, Et2Pb2+ and Pb2+ into the respective hydrides and isolating the respective species by the difference between their boiling points, is characterized by its ability to detect the respective lead ions directly. The hydride-generating reaction is complicated, and requires skill. The method developed in the present paper is based on the same procedures for extraction as used in the hydride-generating method by which the respective species of lead in a urine sample are extracted sequentially into an organic solvent and then assayed by flame or flameless AAS. For the flame AAS, a 10 cm slit burner was used as the lead atomizing apparatus, and for the flameless AAS, a graphite furnace atomizer was used. This method allows the samples extracted from a urine sample to be led directly into an atomizer for the rapid determination of the species of lead.
The author used this method in the determination of the species of lead in the urine from a patient with tetraethyllead poisoning. The assays of the urine specimens from this patient at 24, 27 and 29 days after the exposure to tetraethyllead by the hydride generation-AAS method are reported in a previous paper.16) The urine samples from the same patient at 22 and 34 days after the exposure were assayed for the first time in the present study. The total lead in the urine taken 22 days after the exposure contained about 43% Et2Pb2+. The ratio of Et2Pb2+ was slightly low in the later samples, and it was about 29 % in the urine taken 29 days after the exposure. The ratios of Et2Pb2+ to total lead as determined in the present study were similar to those found in the previous study. In the previous study, the ratio of Et2Pb2+ to total lead was about 50 % in the urine at 21 days, and about 51 in the urine taken at 23 days after the exposure. The urine voided after the intravenous drip of Ca-EDTA was then assayed. No Pb2+ was detected in this urine. This appears to be the result of the lack of formation of precipitable lead due to chelation of Pb2+ with EDTA.1,15) The concentration of total lead in the urine after the administration of Ca-EDTA was about twice as high as that in the urine taken 29 days after the exposure or before the administration, while neither Et2Pb2+ nor Et3Pb+ increased. These findings suggest that the administration of Ca-EDTA may not be effective for eliminating organic lead.
